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 Onaworldwidebasis,musselsofthefamilyMyしilidaeformthefoundation(bothintermsof
 percen七coverandorganicproduction)forrockyshorecommunitieswithinthetempera,tezone
 (Suchanek,1985).On七heexposedrockyinterti(ialshoresofcentralan〔inorthernJapan,the
 musselzonesconsis七mostlyof七hebla,ckmusselSεp醐εroかgα伽sandacommonbluemusse1
 ノレfツ乙εlz五sε〔Z4あs.Inthenor七hernJapan,ithasbeenreporte〔i七hat8.oオr8α乙砿soccupiestheupPer
 partofthemusselzone,whileハ4.ε4μ麗soccupiesthelowerpart(Hoshiai,1961,1964;Hoshiaiε乙α♂、,
 1965;Tsuchiya,1979;Nishihiraε占αZ,,1982),
 AlthoughS.oかgα鶴siswidely〔iistribu七edfrom七emperateto七hesubtropicalrockyshores,only
 alimi七edinformationofitsec610gyincludingverticaldistribution,mortaliむy,growthandgonad
 maturationforS.漉rgα乙μsareavailableforむ}1esubtropicalexpose(irockyshoreofHongKong
 (LiuandMorton,1994;Morton,1995),distribuむionandrecruitmentonamoderatelyexposed
 rockys五〇reincentralJapan(lwasaki,1994,1995a,b),Moreover,inthepreviousstudies,the
 informationaboutもhelifehistorystraむegiesandmorphologyindifferenthabitat,distribuむion
 limita,七ioninrela.tiontotoleranceむophysicals七ressandinLerspecificinむeracLionarenotavailable
 for8、oケgα凝乙sin七hetemperateregion.Therefore,s七udyoftheecologicaltraitsofthenatural
 popula七ionofS.oかgα脇swasconduc七edincomparisonwit亘七hoseofM,ε4z読s.
 Thepresentsむudyaims'しodescribeandanalyzetl/evariousaspectsofS2ノつ嘘rpopulation
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 elucidatingdetailedecologicaldistribution,densityandpopulationstructure,growth,mortaliしy,
 gonadmaturationcycユeandinterspecificinteractioninrelationtozonatiollofS.乙・か8αオμsasa
responsetovariousenvironmentalfactors,Principally,thenaturalpopulationsoftherocky
shoreswithdifferentdegreeofwaveexposureisthestudyobject,andboththelong-termfield
studiesonarockyshoreofHadakajimaatAsamushiinMutsuBay,northernJapanandsome
iaboratoryexperimentswereconducted.
 Ecologic&ld量stributio血a翻乱110阻etricgrowt}10給餌虚fεπ吻α伽inre煽豊α盈tow&veexposure
 an〔ishoreleve亙
 Ecologicaユdistribution,sizestruc七ureandallometricgrowthwereinvestigatedforS.∂かgα乙μs
 aLthefoursiteswithdifferentwavestreng七hsollHada,kalima.
 Sθp雄εro匠rgα翫swasfoundfromthemid-toupperintertida,1zonebetween-10and十70cm
 abovetheme&n七idelevel,TheverticaldisLributionrangewaswiderandhigheronthemost
 exposedsite(about-10to十70cmleve1)t互anonもhesheltere(isite(about-1to・十40cmlevel),
 showingahigherdensityanda,thickermusselbedontheformersite.Lowerdistribu七ionlimit
 wasalmostcomparablea,tbo七hsites.StrongwavesattheexposedsiLebringfoodtotheshore
higherthanthehightidemarkcanalone,andthesplashingwatersattheexposedsitekeepthe
musselsinmoistconditionandultimatelyinlowertemperatureinthehighershorelevelthanthat
 ofthesheltere〔isite.
 Thedensityan(ibedthicknessofS.oかgαα雄wasgreaterattheexposedsitesthanattheshe1-
 tered.Summermortali七y,especiallyinthehotsummer,waslessaLtheexposedsite,because
 strongwavestherekeepthemusselslongerinmoistcon〔iitionwhichinturnmitigatesthedesicca-
tionandhightemperaturestresses(seeChapter4).Lessmortalityattheexposedsitemay
increasethemusseldensityandbedthickness.
 Theshe1口engthofthesameagedS.oかgα脇swasgrea.terattheexposedsiteむhanattheshel-
 tered,a,nddecreasedwi伽theshoreleveLThedryweightsofsoftparむandshe11,shellheightand
 shellwidthinrelatlontoshellIengthweregrea七estεltthelowerIevel,andtheseparameterswere
 greaterattheexposedsitethanattheshelteredwhencomparedinmusselsfor七hesameshore
levels,
Environmentalfactors,mainlywaveexposureandshoreleve1,illfluencedtheobservedpopu-
 1ationcharac亡erisむicsofS.o乞rgα孟ωsbyaffectingthefeedingPeriodandchangingPhysicalstresses
sucha,sexposuretime,temperatureanddesiccation.Therefore,itissuggestedtha,tmoreinfor-
 mationconcemingthehabi七atpreference,physiologica,1tolerance,foodava,ila,bility,reproduc-
 tion,compe七itionorpreda,tionandthecausesofzonationdelimitationarenecessarytobeeluci-
 datedbasedonthepopu1εしtiontra託sof七hislessstudiedmusse1.
き
 Variability量ngrowthof8βP痂αひかgα施8affecte虚わyenvironmentalfactors
 GrowthvariabilityandgonadbiomassofS.oかgα観swasstudiedatthe3tidallevelsof2
 stationsonthenaturalmusselbedεltHadakajimawithdifferentwaveexposuresinrelationtoむhe
 hydrographicconditions,foodavailabilitya,ndsomeotherecologicalfac七〇rs.
 Thegrowthwashighlysea,sonalandmajorgrow七hwasobservedinsummer(July一
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September) when water temperature was higher and food abundance greater, but the shell 
growth almost ceased in winter (January-April). It was suggested that a major growth ring on 
the external shell surface was formed annually when the growth ceased in winter. Monthly exami-
nation of dry gonosomatic index (DGSD revealed that it was greatest in summer (July-August) 
for both sexes, but it decreased abruptly in September indicating major spawning season in 
summer. Vore or less ripe gonacls were found from May to December. Greater DGSI is related 
with higher water temperature and food abundance. 
The shell growth in relation to the number of major growth rings or shell length decreased 
with shore level and growth was greater at the exposed site than at the sheltered. Shell volume, 
dr'y weights of gon~Ld and soma, and dry gonosomat,ic index also decreased upshores and these 
values were greater at the exposed site than at the sheltered. The greater absolute and allometric 
growth and also gonosomatic index at the exposed site were explained by the gceater amount of 
phytoplankton abundance, total particulate matter (TPM) and particulate organic matter (POM) 
there. Even at low tides, the exposed site was kept moist being frequently washed by strong waves. 
Therefore, the shorter emerged period and less physical stresses (mostly desiccation and high 
temperature) seem favorable for the mussels at the exposed site than at the sheltered. 
The greater absolute and allometric growth and also dry gonosomatic index at the lower level 
of the distribution zone were attributed to the greater availability of food due to longer submer-
gence period and less physical stresses such as desiccation and high temperature. 
The growth of S. virb"atus increased with decreasing shore level in its distribution zone, but 
its distribution is restricted to the range from the upper intertidal to the mid-intertidal levels and 
does not extend further down to the lower intertidal or subtidal zones. Therefore, it is suggested 
to investigate the factors delimiting its lower distribution limit. 
Interspecific interaction between Septifer virgatus and Mytilus edulis in relation to zonation 
Survivorship and growth of S. virgatus and M. edulis were studied under mono- and mix-
cultured experimental conditions in the cages set horizontally at the upper intertidal, mid-
intertidal and subtidal levels in the calm place at Asamushi. 
The mix-culture experiment showed the interspecific interaction between S. virgatus and M. 
edulis. At the subtidal level, the survivorship and growth of the former species were suppressed 
by the latter. During the culture period, M. edulis mostly crawled on S, virgatus and thus M. edulis 
might have enjoy greater nutrition and space. Laboratory experiments showed that M. edulis can 
consume greater number of phytoplankton cells than the same-sized S. virgatus, because the gill 
surface area of the former was greater than that of the latter. Thus, the survivorship and growth 
of S. virgatus at the subtldal levels might be suppressed by M. edulis. It is suggested that the lower 
limit of S, virgatus is delimited by interspecific interaction with M. edulis. 
The amount of the trapped sediment was greater at the subtidal level than at the upper and 
mid-intertidal levels. The findings that the higher mortality and slower growth of S. virgatus at 
the subtidal level than at the mid-intertidal level are suggested to be attributed in part also to less 
tolerance to the sedimentation. 
At the upper intertidal level, no interspecific interaction was found where both species showed 
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less survivorship and slower growth than at the mid-intertidal and subtidal levels. At the upper 
intertidal level, physical stresses might be more influential factor than the interspecific interac-
tian. At the upper intertidal level, S, virgatus showed a greater survivarship than M. edulis 
probablly due to the greater tolerance to physical stresses like high temperature, desiccation, 
longer exposure to air of S. virgatus than in M. edulis. 
Further investigations are needed to test the differences in the tolerance of S. virgatus and M. 
edulis to physical stresses associated with emergence at the higher tidal level. 
Effects of tidal levei and wave exposure on the mortality of Septifer virgatus and Mytilus edulis 
In August of 1994 and 1995, the mortality of S. virgatus and M, edulis was estimated and the 
flesh and shell surface temperatures were measured in two layers, outer layer and inside the mus-
sel clump, at different tidal levels in the natural mussel bed at the exposed and the sheltered sites. 
From the mid- to the upper intertidal levels, S, virgatus in the outer layer of the CIUITlp showed 
a higher mortality than those inside the clump. The mussels inside the clump remain in moist con-
dition and lower temperature during low tide. Ivlostly. , Iarge (~25 mm shell length) individuals 
occur in the outer layer of the mussel clump, and cosequently the large mussels showed higher 
mortality than the small (>25 mm) ones. 
The mortality of both species increased with tide level because of a longer exposure period, 
which caused higher flesh temperature and greater desiccation at the higher shore. It was also 
found that at the same tide level, mortality was less at the exposed site than at the sheltered site. 
The mussels at the exposed site remain moist for a longer period due to the strong waves, which 
in turn explains the observed wider and higher distribution zones of both species at the exposed 
site than at the sheltered site. 
Mytilus edulis showed a higher mortality than S. virgatus in the intertidal zone, because the 
former species has less tolerance to high temperature and desiccation. This also explains the 
habitat segregation between these two species, the former occupying the lower shore and the lat-
ter the upper shore of the intertidal zone. 
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Conclusion 
It is suggested that the upper limits of both S. virgatus and M, edulis are set by environmental 
stresses brought about by the desiccation or high temperature, Iess food availability because of 
Ionger exposure time to air or by their combined effects. S. virgatus has greater tolerance to high 
temperature and desiccation than M. edulis. Consequently, the upper distribution level for the for-
mer can be higher than that for the latter. The lower limit of S. virgatus is delimited by 
interspecific interaction with M. edulis. A11 the findings in the present research show that S. 
virgotus is well adapted to the intertidal life. 
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Summary table showing the findings obtained in the present research for the ecological traits of 
the natural population of S. virgatus and its response to the environmental factors (A, B) , and the 
comparison between S. virgatus and M. edulis (O. 
A. Comparison between the exposed and sheltered sites 
Ex posed Sheltered 
Distribution 
Density 
Bed thickness 
Growth 
(absolute and allometric) 
Gonad biomass 
Mortality 
Food resource 
Exposure period to air 
Physical stress 
(temperature, desiccation) 
Wider and upper limit higher 
Higher 
Thicker 
Greater 
Greater 
Lower 
Greater 
Shorter 
Less severe 
Narrower 
Lower 
Thinner 
Smaller 
Smal ler 
Higher 
Smaller 
Longer 
More severe 
B. Comparison among the 3 Ievels within the Septrfer zone 
U p per Middl e Lower 
Density 
Bed thickness 
Growth 
(absolute and allometric) 
Gonad biomass 
Mortal ity 
Feeding period 
Exposure period to air 
Physical stress 
Lower 
Thinner 
Sl ower 
Smaller 
Higher 
Shorter 
Lonb'er 
More severe 
Higher 
Thicker 
Medium 
Medium 
Med ium 
Medium 
Medium 
Medium 
Lower 
Thinner 
Faster 
Greater 
Lower~ 
Longer 
Shorter 
Less severe 
C. Comparison between the 2 s pecies 
S, virgatus M, edulis 
Distribution level 
Growth 
Faster growth 
Filtration rate 
Gill surface area 
Crawling behavior 
Tolerance to physical stress 
Interspecific interaction ' 
Upper to mid-intertidal 
Slower 
At mid-intertidal level 
Smaller 
Smal ler 
No 
Greater 
lnferior 
Mid-intertidal to subtidal 
Faster 
At subtidal levels 
Greater 
Greater 
Yes 
Less 
Su perior 
' At subtidal level 
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 論文審査の結果の要旨
 わが国の岩礁海岸では,上部イワフジツボ帯に続いて,潮間帯から潮下帯にかけて形成されるイガイ帯
 の上部域をムラサキインコガイが占有し,下部域をムラサキイガイが占めているが,これら2種のイガイ
 類の分布の差異の成立・維持機構に関しては十分な説明がなされていない。また,波浪の場所的差異や潮
 位がイガイ類にどのような影響を及ぼすかについても十分な研究がなされていない。
 KhandakerAnisulHuq提出の論文は,このように明瞭な特徴的分布を示すものの,これまで殆ど研
 究がなされず未知のままであったムラサキインコガイの自然個体群をさまざまな側面から研究し,その個
 体群特性をはじめて総合的に明らかにし,多くの新知見を示して,この種が潮間帯に適応した生態的特性
 を持った種であることを解明したものである。
 青森県の陸奥湾の岩礁において,ムラサキインコガイは潮間帯中部から上部にかけて分布し,その垂直
 分布域は波浪の強い場所で高くて広く,密度も高く,イガイ床の厚みも厚かった。これらは,年間を通し
 て安定していた。長期にわたる追跡調査により,成長および体重に占める生殖質の比率が明瞭な季節性を
 示すこと,成長停止期に年1本の主要な成長輪が殻表に形成されることを明らかにし,これが水温と餌量
 の季節変動と関連することを示した。また,成長速度や繁殖投資量は低潮位および波浪の強い場所で大き
 く,これが餌量や摂餌可能時間の長さおよび干出に伴う環境圧の強弱によって説明できることを示した。
 また,これらイガイ類2種の行動の差異,成長や生存に関わる種間関係を長期にわたる野外飼育実験で確
 かめ,室内実験による摂餌能力の差異と鯉面積の対応などとあわせ検討することによって,ムラサキイン
 コガイの分布下限決定の一要因としてムラサキイガイとの競争を示唆した。また,両種の自然における死
 亡個体の比率や,高温の水中および空気中における水分保持能力や生存率から,両種の分布上限が干出に
 伴う環境圧によるものであり,それに対する耐性の種間差が分布上限の差異を決めることを示唆した。
 これらの研究成果は,KhandakerAnisulHuqが自立して研究活動を行なうに必要な高度の研究能力
 と学識を有していることを示している。よってKhandakerAnisuiHuq提出の論文は,博士(理学)の
 学位論文として合格と認める。
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